the quantity of food intake have been extensively investigated, with more recent studies indicating that the amount of food consumed may depend on the osmotic balance of the animals as well as the osmotic properties of the ingesta (9, 16, 2 l-23).
The reports of Smith and Duffy (22) and Schwartzbaum and Ward (2 1) showed that preloading food-deprived animals with hypoosmotic solutions irrespective of the solute used (e,g., sugars, NaCl) resulted in a subsequent food intake which was greater than that of animals preloaded with hyperosmotic solutions. Novin, Hutchins, and Mundy (19) reported that rats deprived of water but allowed free access to food increase their food intake after an intravenous infusion of water. Jacobs (11) h as discussed the possible participation of osmotic factors in the regulation of caloric intake. Although it has been established that osmotic variables play a role in the quantitative regulation of food intake, little is known about their importance in determining the initiation of eating. The present study was conducted to determine whether the initiation of food ingestion can be triggered and modified by changes in osmotic balance. The basis for the research was an observation that animals deprived of water but allowed free access to food will, subsequent to water ingestion, initiate eating with a latency.
METHODS

Subjects
Sixty-seven female Holtzman albino rats, ranging from 100 to 140 days of age, were employed in the experiments. Kept on a water-deprivation schedule, the animals weighed, on the average, 240 g,
Water-Deprivation Schedule
On receipt, each animal was placed in an individual cage in which a y&inch diameter Lucite cup with a volume of 3 ml was mounted on the floor. Food in the form of Purina laboratory chow was available all the time. The deprivation schedule involved giving 15 ml of tap water per day. On nonexperimental days, one cup of water was presented at each of the following times: 12:OO noon, and 12~03, 12: 10, 12 : 20, and 12 : 40 PM. Drinking invariably and immediately followed the presentation of the first cup. After an initial adjustment to this schedule, there were no systematic changes in body weight over the experimental period and individual differences in weight were small. In order to reduce cyclic effects that could interfere with the schedule, animals were kept in a continuously lighted room, and an airconditioning system maintained the temperature between 72 and 78 F.
General Procedure
The technique employed in eliciting and observing the initiation of eating involved the presentation of one or two cups of solution, depending on the experimental conditions, and recording the latency to the first subsequent eating. The term %olution" refers to experimental solutions as well as to tap water, as the latter also had a measurable osmolality. The osmolality of the solutions was determined 3 times for each solution, in an 0.4-ml sample, by means of an Advanced Instruments osmometer. The latency to initiation of eating was defined as the time from the moment the solution was presented to the moment the animals started to eat. Two observers measured, by means of a stopwatch, the time between delivery of the solution and the rat's picking up a food pellet in its mouth and chewing it. In order to assure consistent observations, the food was moved to the front of the cage before starting an experiment.
The observation period was limited to 1 hr, after which the rats received the remainder of the day's water ration. The animals were randomly assigned to two groups (N = 22) which received the two solutions (i.e., tap water vs. the experimental solution) in different orders. For example, in experiment A each animal was tested first with either 3 ml of unfiltered tap water or a NaCl solution adjusted to 355 mOsm/kg. Forty-eight hours later each animal was then tested with the other solution Thus, half of the animals received the tap water first, and the remaining half received the two solutions in the reverse order. The experiments designated A, B, and C are of this type. The tests of the second type were conducted in 1 day; the rats were randomly assigned to groups of equal size to receive only one of the solutions. Experiments D, E, and F are of this second type. (See Table 1 for further details of solutions employed, etc.) fn all experiments, delivery of the solution was made serially within the groups. When two cups were given, the presentation of the second followed the first by an interval of 80-90 set, which was sufficient time to allow all animals to consume the first 3 ml. The initiation of eating in the tests of SERTES I was defined as described above, but if an animal did not begin to eat within 60 min of the presentation of the solution, an arbitrary latency of 60 min was assigned. variables). This relationship between the logarithm of the osmolality and the reciprocal eating can be seen in Fig. 1 , of the latency to initiation of
The first series of experiments permit the following conclusions: I) in rats kept under water-deprivation conditions, ingestion of 3 ml or more of water results invariably in initiation of eating after a latency. 2) Addition of solutes to the water results in an increase in the latency to the initiation of food ingestion.
3) The latency to initiation of food ingestion is an increasing function of the osmolality of the administered solution, not of the particular solute used. Therefore, the rat's ability to detect solute concentration, as measured by the latency to initiation of food ingestion, is based on the osmotic pressure of the solution and appears to be not solute specific. 4) Animals kept in a state of water d eprivation are most sensitive to small differences in the low (hypoosmotic) range of solutions. If such a change does take place, the direction of the change would be expected to be J. W. KAKOLEWSKI AND E. DEAUX reversed following the animal's ingestion of food. To answer these questions we measured serum osmolality as well as serum free fatty acids (FFA) and blood glucose levels. We were particularly interested in determining whether the expected decrease in serum osmolality after water ingestion is detectable at the time of the initiation of eating. Blood glucose and serum FFA levels were measured because of the belief that these substances play a key role in the regulation of food intake.
Our procedure was first to establish whether changes in blood composition after water ingestion could be detected and then to use this information to design a confirmatory experiment.
Exberiment I
Proc&re.
The 12 female rats employed were maintained on the water-deprivation schedule described previousIy. Blood sampIes were obtained from the heart of animals under light ether anesthesia. After taking 0.1 ml of blood for the glucose measurements, the remaining blood (about 5 ml) was centrifuged and the serum transferred to a fresh tube. Determination of osmoIality to the nearest 0.5 mOsm/kg was based on three U.4-ml samples of serum from each animal by means of an osmometer.
Free fatty acids were determined by means of the calorimetric ultramicromethod described by Novhk (18) (with slight modifications by P. T. Varandani (to be pubhshed)) in 0.05 ml of serum. Blood glucose levels were determined by means of the enzymatic Biochemica test combination (C. F. Boehringer & Sijhne, Mannheim, Germany). The animals were assigned to four groups of three animals each. Group C-I consisted of control animals, sacrificed at the time of the day at which they had previously received their first cup of water. The animals in group L-I were given one cup of water and sacrificed at the moment of the initiation of food ingestion. Groz$ E-I was also given 3 ml of water but allowed to eat for 10 min before taking the blood sample. The animals in group T-l were given their total daily water ration of 15 ml without access to food and were sacrificed 1 hr after the presentation of the first cup and after establishing that presentation of Purina chow resulted in an immediate initiation of food ingestion. These animals were removed from their cages as soon as they had bitten into the food pellets.
Results. The data resulting from experiment I are shown in Fig. 2 . The serum osmolality in milliosmols per kilogram and the measures of blood glucose and serum FFA are illustrated for each of the three subjects in the four groups, in panels A, B, and C, respectively.
It can be seen that although there was considerable variability in serum osmolality among the animals of group C-I, the osmolalities of the animals in the remaining three groups are consistent, as evidenced by the lack of overlap between groups. prior to eating (3 ml for E-I, 6 ml for E-2) ; however, it is worth noting that groups L-1 and L-2 reached the same osmolality (309 and 308.8 mOsm/kg, respectively) at the moment of initiation of eating. Discussion. In both experiments of SERIES II, the serum osmolality values are related to the water treatment received by the animals, in that the ingestion of 3 ml of water proSimilar trends, in relation to serum osmolality values related duces a decrease in serum osmolality which is further decreased by the ingestion of 15 ml of water provided the animals are not allowed to eat. Group E-I which, subsequent to water treatment, ingested food for 10 min has a mean serum osmolality comparable to the control group C-l.
Behavioral data from this experiment paralleled the biochemical findings in regard to serum osmolality. Animals in groups Z-1 and E-I had a mean latency to initiation of eating of 11 min, but each animal in group T-I, given 15 ml of water without access to food for 1 hr, initiated eating immediately on exposure to the Purina chow. These results were replicated in the subsequent experiment.
That the initiation of biting the pellet signified also in this group the initiation of an actual meal was shown in a previous pilot study. Identically treated animals (N = 6) consumed during the subsequent hour an average of 5.7 g of Purina chow (individual amounts were 4.3, 4.4, 5.8, 5.9, 6.9, and 7.1 g).
Experiment 2
Results. The mean serum osmolalities for the animals in Proc&re. Twenty-three female rats, which were previously used in EXPERIMENTAL SERIES I, were assigned to three groups which were intended to replicate the conditions of the first experiment.
Group C-2 (N = 10) constituted the control group, and the rats were sacrificed at the time, they normally received the first portion of water. The animals in group L-2 (N = 6) were sacrificed on initiation of eating after ingestion of 6 ml of tap water, and group E-Z (N = 7), which also received 6 ml of water, were allowed to eat: for 10 min before being sacrificed. Serum osmolality and blood glucose levels were measured as in the previous experiment. Free fatty acid levels were not measured because of the nonsignificant contribution to serum osmolality.
groups C-2, L-2, and E-2 were 316.4, 308.8, and 312.3 mOsm/kg, respectively. The differences were significant (r + = 6.35, df = y&, P < .O l)* Blood glucose levels for these groups, as ordered above, were 112, 100 and 106 mg,/ 100 ml. An analysis of variance conducted on blood glucose levels failed to show any significant differences, F-1.06, df = 350 (further statistical analysis is available from the authors). These results are in accord with the first experiment in this series. It may be noted that the E-2 group, which was permitted to ingest food, did not have as high a serum osmolality as the E-I group in the first experiment of this series (cf* Fig. 2) . It is likely that the difference is attributable to the different quantity of water ingested to the water treatment, were established between groups C-2 and L-2. It is clear that in both experiments the behavior of initiation of eating correlated with a decrease in serum osmolalitv.
Conclusions. I) Following the ingestion of water, a significant decrease in serum osmolality occurs as measured at the time of initiation of eating. The magnitude of this decrease as well as direct measurements of blood glucose exclude the latter from playing a significant role in the osmolality decrease.
2) The latency to initiation of food ingestion may reflect the time necessary for a decrease in serum osmolality.
On the other hand, animals in a state of decreased serum osmolality will initiate food ingestion immediately on exposure to food.
3) The consumption of food for a lo-min period results in a detectable increase in serum osmolality.
However, due to the technique and species employed, it was not possible to draw repeated blood samples, and in the case of groups E-1 and E-Z this prevented us from showing the decrease in serum osmolality which preceded the increase after food ingestion.
4) The rate of increase in serum osmolality following ingestion of food may be dependent upon the volume of water previously ingested. Group E-I, after ingesting 3 ml of water, displayed a relatively faster serum increase after eating compared to the controls of C-1, than group E-2 did after ingesting 6 ml of water, compared to control group C-Z. 5) There were no significant changes in blood glucose and serum FFA levels at the time of the initiation of eating as well as following food ingestion. (1) in that cooling of the area preoptica medialis of rats produced a decrease in food intake and warming of the same area increased the food intake. Janowitz and Hollander (12) established the fact that: an Animal satiated on a normal diet will initiate eating when offered a more paIatable food.
However, of the basic theories concerned with regulation of food intake-the "glucostatic" (Mayer (15)), the "lipostatic" (Kennedy ( 13)), and the CCthermostatic" (Brobeck (3)) -none has succeeded in accounting for the initiation of food ingestion.
The present data point to the possibility that a decrease in serum osmolality is one of the cues used by the rat to initiate eating. The results indicate a) that animals kept on a water restriction schedule will initiate eating subsequent to water ingestion, 6) that the latency to initiation of food ingestion is related to the osmolality of the solution ingested, c) that the initiation of food ingestion following the intake of water is accompanied by a decrease in serum osmoIality, and, finally, d) that animals in a state of decreased serum osmolality will initiate food ingestion immediately upon exposure to food. responded at rates which were directly related to the volume of water consumed and inversely related to the saline concentration.
Thus it would appear that, during the time between the water ingestion and initiation of eating, a motivation for food emerged as documented by the animal's willingness to bar-press for food. Stricker (25) 
